Staphylococcus aureus has remained an important cause of nosocomial wound infections, but standardized or reproducible systems for analyzing cutaneous infections caused by S. aureus do not exist. A variety of foreign materials, variable inocula, and skin traumas have been used to promote infection. To minimize these variables and ensure reproducibility, we chose a model using subcutaneous injections of a fixed quantity of dextran microbeads (Cytodex) as the foreign material added to standardized broth suspensions of S. aureus. Suspensions (0.2 ml) injected into an outbred strain of immunocompetent hairless mice generated reproducible, measurable lesions. With S. aureus Smith Diffuse, fluctuant, erythematous lesions with a peak diameter of 15 mm were observed; these lesions yielded purulent material containing gram-positive cocci and neutrophils and yielded growth of S. aureus on culture. Lesion size was proportional to the bacterial inoculum size. Histologic examination of excised lesions revealed typical abscesses. A second strain of S. aureus (SLC3) produced dermonecrosis instead of abscesses at an inoculum size of 107 CFU. Control injections with a sterile Cytodex suspension regularly produced nondraining, nonerythematous nodules with maximum diameters of <5 mm. Streptococcus pyogenes produced late-onset necrotic lesions and abscesses. Using a foreign substance, this model generates easily observed and reproducible cutaneous infection with S. aureus and streptococci that can potentially discriminate between inter-and intrastrain differences. Such a model could be used to test the pathogenicity of isogeneic strains of these bacterial species and to evaluate the efficacy of antimicrobial agents.
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Staphylococcus aureus is a common cause of all types of nosocomial infections and is the leading cause of nosocomial wound infections (21) . Although animal models have been used to examine several virulence factors of S. aureus, none have specifically addressed the pathogenesis of wound infections (1, 3, 10, 13, 17, 18, 22) . Animals have been infected so as to produce peritonitis, mastitis, or renal abscesses. These infections were less relevant to human nosocomial staphylococcal infections, and the inoculum sizes (108 to 101 CFU) used were far greater than those required to produce infection in humans.
Other models of staphylococcal infections used to evaluate therapy have required traumatic injury to the integument (12) or the introduction of foreign material to generate an abscess at an inoculum size of <108 CFU. These models have certain disadvantages. Foreign substances such as plastic materials (23) , soft agar (7) , and cotton (19) often differ in composition and particle size or, in the case of metal coils (20) and capsules (8) Bacteremia. To determine whether the mice developed high-level bacteremia and metastatic infection, two animals from each group were sacrificed at the end of the observation period. Both kidneys were removed by a sterile technique and placed in a sterile glass homogenizer containing 1 ml of brain heart infusion broth. Serial dilutions were made and plated as described above to determine bacterial counts.
Measurements. Animals were weighed immediately prior to inoculation. Thereafter, animals were observed at 24-h intervals after inoculation for the first 5 days and then at 48-or 72-h intervals for a total of 14 to 21 days. Lesions were measured with a caliper. Abscess size was calculated by using the formula for a spherical ellipsoid Infected lesions (Cytodex plus S. aureus) became erythematous and fluctuant by day 3 to 4. These lesions progressively enlarged to 7 to 15 mm in diameter over 7 to 9 days and then drained externally through the overlying epidermis. A total of 75 to 80% of the lesions were healing by 10 days. Abscesses excised at 6 and 12 days (Fig. 2) Lesion volume also correlated with Cytodex dose. For doses of 0.025 to 0.1 ml of Cytodex stock, a marked increase in lesion volume was noted (P < 0.0001 [ANOVA]). At Cytodex doses of 0.01, 0.025, and 0.038 ml, lesions produced by infected inocula (Smith Diffuse, 106 CFU) were significantly larger than lesions produced by Cytodex alone. However, infected lesions were not significantly larger than sterile lesions at the higher Cytodex doses (>0.075 ml). Of Cytodex doses for which infected lesions were significantly larger than sterile lesions, the 0.038-ml dose produced the most easily measured difference in lesion volume between infected (Smith Diffuse, 106 CFU) lesions and sterile lesions (Fig. 4) . A Cytodex dose of 0.038 ml was chosen for subsequent experiments. The size of infected lesions, therefore, depended on the size of the bacterial inoculum and the quantity of Cytodex.
Baseline weights were obtained prior to inoculation and again when lesions were measured. Repeated-measures ANOVA indicated a significant trend over time (P = 0.0001) which corresponded to the increase in weights over time for all mice. The analysis also indicated a significant group-time interaction (P = 0.0001), which implied that all groups did not increase over time in the same fashion. This interaction was not significant after day 2, indicating that the differences in weight change among groups occurred in the first day. The largest difference occurred between days 0 and 1, when mean weights in groups infected with 107 CFU dropped significantly (P < 0.001). Subsequent analysis of weight change focused on this period.
Comparison of S. aureus Smith Diffuse and SLC3. To determine whether the model could show potential differences between strains, we compared lesions generated by Smith Diffuse with lesions generated by the nosocomial strain SLC3. At generated by either strain. For Smith Diffuse, the largest abscesses were observed in the group infected with 107 CFU. However, at the same inoculum size, no abscesses were observed in the group infected with SLC3. Instead, a lesion consistent with dermonecrosis was noted 24 h after inoculation (Fig. 5) . Such lesions were flat and ulcerated and had an underlying purulent exudate which yielded neutrophils and gram-positive cocci on Gram stain and coagulasepositive cocci on culture. Histologic examination at 24 h showed marked tissue edema, linear inflammatory cell infiltrates, and linear collections of bacteria in the subcutaneous tissue. Vessels within the lesion were patent and filled with inflammatory infiltrate. Only one of six necrotic lesions were healed by day 14. Therefore, a necrotic lesion was considered to be more severe than an abscess.
No weight loss was observed in groups infected with either strain or in controls at an inoculum size of 103 CFU. However, at both the 105-and 107-CFU inoculum sizes, animals infected with SLC3 lost significantly more weight in the first 24 h than animals infected with Smith Diffuse (P < 0.0001 [ANOVA]) (Fig. 6) .
Comparison of S. aureus SLC3 with S. haemolyticus. S. haemolyticus (107 CFU) also did not appear as virulent as SLC3. None of the animals (zero of six) infected with S. (16) . These animal test systems are designed to evaluate a single virulence factor or antibiotic therapy. For example, intraperitoneal injection of mice has been used to determine differences in virulence related to the presence of capsule (25) . Alpha-toxin has been evaluated in a model of mouse mastitis and a model using subcutaneous injection with large inocula (17) . We wanted to develop a potentially relevant animal model for nosocomial cutaneous staphylococcal infections. The requirements of such an animal model are simulation of human infection, reproducible experimental disease, and a similar degree of infection for all animals in a group (16) . We also sought to minimize the effect of the recognized variables (foreign material and skin trauma) in such a model and to choose techniques that would be easy to perform.
We wished to eventually examine the pathogenesis of cutaneous staphylococcal infections which are augmented by foreign materials (5) . Bacterial infections in animals may also be augmented by the addition of foreign substances (6) . Therefore, our first goal was to establish cutaneous infection in an animal by using a foreign substance. The hairless mouse seemed ideal, since infections could be directly observed. The infections generated in this animal, abscesses or a necrotizing infection of the skin, were analogous to staphylococcal cutaneous infections in humans (24) . These lesions were reproducible and appeared to be bacterial strain dependent and inoculum dependent. With 
